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Introduction 
This report covers the testing of a 32', 4/ 12 slope roof truss design 
using 1 ~-inch lumber with nail-glued plywood gusset and splice plates. The pro-
ject was a cooperative investigation between the Small Homes Council- Building 
Research Council, University of Illinois at Urbana-Chan1paign, and GBH-Way 
Homes, Inc., of Walnut, Illinois. The study evolved primarily from the recent 
changes in standard lumber sizes,1 Code bodies, lending agencies, designers, 
etc,, are among those who have been requiring substantiating performance data 
on truss designs originially produced for 1 5/ 8-inch lumber and now fabricated with 
1 ~-inch lumber. 1 
The graphical methods of analysis are unreliable in calculating stresses in 
the nail-glued truss. They do not consider the combined stresses due to secondary 
bending caused by the extreme rigidity of the nail-glued joint. 
The objectives of the progran1 therefore included full-scale load tests to 
obtain both deflection data at design load and load-to-failure information on three 
randomly-selected trusses representative of those being used for the construction 
of homes by the sponsor. 
The tests were conducted on the hydraulic test floor of the S1nall Homes 
Council-Building Research Council, University of Illinois, which is patterned after 
the facility developed at the Wood Research Laboratory, Department of Forestry 
and Conservation, Purdue University. 2 
Truss Design 
The truss design used in this test series follows SHC- BRC Instruction Sheet 
No. 14, 3 a truss design orginally developed for the roof system of a building on 
the carnpus of the University. Two modifications of the original materials were used 
in the test units; 1~ " "1500 f" stress rated lumber and 3/8" structural plywood gussets 
and splice plates. The span was 32 feet and the roof slope was 4/ 12, as shown in 
Figure 1. Test loads were calculated on the basis of trusses spaced 24 inches on cen-
ter. The trusses were fabricated by nail-gluing with casein glue and power-driven 
nails, using plywood gusset and splice plates applied to both sides. 4 
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Figure 1. Truss configuration showing dimensions of lumber and plywood!' 3 
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The test units were supplied by the sponsor and had been randomly selected 
from production at the fabrication plant in Walnut, Illinois. The selection procedure 
was programmed to provide test units representative of day-to-day production. The 
units were transported to the University and tested in February, 1973. 
Test Procedures 
Nearly all of the earlier truss designs published by SHC- BRC were tested in 
pairs, in a vertical position, covered with plywood roof sheathing and loaded with 
concrete blocks. 5 However, for this series of tests a specially designed hydraulic 
facility was used. The facility is designed to apply loads at various points and various 
directions. For this test, the ceiling dead loads were applied to the bottom 
chords through one hydraulic system and the roof dead load and live load were 
applied to the top chords through a second complete hydraulic system, as in 
Figure 2. 
roof loads : d . l. 10 psf . 
1.1. 30 psf. 
cylinders 
Figure 2. Half of the design dead load was applied to the 
bottom chords from one system and the other 
half of the dead load plus the entire live load was 
applied to the top chord with a second system. 
The truss was positioned on sandwich-type rollers and was allowed to move 
against calibrated load cells at the restraint positions two inches from each end 
of the truss, as shown in Figure 3. 
Figure 3. Calibrated load cells located two- inches from 
each end of truss. 
The loads were applied by hydraulic cylinders exerting forces at one-foot 
intervals along the top chords. The bottom chord was also loaded with a separate 
cylinder and pump arrangement through a pair of yokes positioned to load the bottom 
chord at four points as in Figure 4. 
Figure 4. Truss No. 1 in position ready for deflection tests. 
Separate load cells monitored the bottom chord loading. Roller hold-down 
brackets prevented lateral movement of the truss during the tests. Two-inch-
capacity dial gages were positioned at five locations along the bottom chord to 
measure deflection and were read to the nearest thousandth of an inch. Each truss 
was flexed by loading to design load (dead load plus live load) five times prior to 
starting the deflection test. 
The design load for this truss, a total of 3200 pounds, included a dead load 
of 1280 pounds, equivalent to 10 psf., applied to each of the bottom and top chords; 
the live load, 1920 pounds, equivalent to 30 psf. was applied to the top chords only. 
Test procedures included applying the dead load to the truss prior to setting "zero" 
on the dial gages . 6 (The lower chord pumping system is capable of maintaining the 
dead load at a constant force during the live load application.) The live load was 
then applied in increments of ! L. L. , -! L. L. , ! L. Lo , and total L. L. Deflection 
readings were taken at each load level. The live load was removed and the residual 
deflection recorded. This test required approximately 30 minutes elapsed time per 
unit. The deflection gages were then removed and the trusses loaded to failure. 
Test Results 
Each set of deflection test data is tabulated in the appendix. Deflection at 
each dial location was averaged for the three test trusses.? The deflection curve is 
shown in Figure 5. Allowable deflection limitations vary among codes and lending 
agencies, with L/360 as a common criteria where "L" is the span of the t:russ in 
5 
6 
inches. For the span tested, L/360 equals 1. 07 inches allowable deflection at the de-
sign live load. Maximum deflection under full-scale test, at design live load, averaged 
0. 259 inches and occurred at dial location No. 1, as shown in Figure 5. 
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Figure 5. Average deflection curve for three test trusses. 
For the load-to-failure tests, the dial gages were removed and both dead and 
live loads applied to each truss. The live load was then increased until structural 
failure occurred. The load to failure tests required approximately five minutes to 
complete. 
Failure at maximum load occurred at different locations on each of the 
three tests units. For purpose of orientation in the following discussion, "right" 
and "left" are as shown in Figure 5. Truss No. 1 failed at a total load of 9600 lbs. 
when a horizontal shear failure occurred in the "left" plywood heel gusset plates, 
as shown in Figure 6. Failure occurred in the bottom chord of Truss No. 2 at 
8800 lbs. as a bending failure between the "left" heel and junction of the intermediate 
2 x 4 members, as shown in Figure 7. The top chord broke as a secondary failure. 
Figure 6. Horizontal shear failure (Left Back Side of Truss) 
in the plywood gussets of Truss No. 1. 
In truss No. 3, cross-grain failure occurred at 7800 pounds in the bottom chord at the 
"right" end between the heel gusset and the first intermediate 2 x 4 member, as in 
Figure 8. 
Figure 7. Lower chord bending failure at 8800 lbs. is seen 
in the upper right portion of the photograph of 
Truss No. 2. The top chord failure was second-
ary. 
Figure 8. Cross- grain failure in the right end of the lower 
chord of Truss No. 3. Failure occurred at 
7800 lbs. 
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Conclusions 
The maximum average deflection of 0. 259 inches was well within the allow-
able criteria of L/360 (1. 07 inches). 
None of the glued connections failed in the "load to failure" tests, indicating 
that the gusset and splice plate bond areas were more than adequate for the design 
and materials used. 
The design load of 3200 pounds included a dead load of 20 pounds per square 
foot, evenly distributed between the top and bottom chords, totaling 1280 pounds, 
and a live load of 30 pounds per square foot distributed along the top chord, totaling 
1920 pounds. Truss number one failed at a total load of 9600 pounds. Truss number 
two failed at 8800 pounds, and truss number three failed at 7800 pounds, with an average 
of 8733 pounds at failure. Indicated safety factors, on the basis of the live load 
were 4. 33, 3. 92 and 3. 40 for the three trusses respectively. The average indicated 
safety factor on the same basis was 3. 88. 
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Test Results 
Design Dead Load= 1280 lbs. (20 psf.) 
Design Live Load= 1920 lbs. (30 psf.) 
Total Design Load = 50 psf. 
DIAL READINGS 
D. L. 
1280 lbs. 
DL + l/4 L.L. 
1760 lbs. 
DL + l/2 L.L. 
2240 lbs. 
DL + 3/4 L.L. DL + L.L. D.L. Defelction a 
. 3 91 
.660 
.278 
.392 
.470 
.442 
. 70 7 
.328 
.443 
.525 
Horizontal shear, 
. 541 
.378 
.332 
. 6 1 8 
. 445 
.399 
II left II 
2720 lbs. 3200 lbs. 1280 lbs.Design Load 
.500 
. 76 3 
. 386 
.503 
.600 
.552 
.823 
. 442 
.562 
.666 
plywood heel gussets at 9600 lbs. 
. 6 80 
.503 
. 455 
.761 
.575 
.523 
.593 
. 876 
. 485 
.606 
. 716 
. 82 8 
.638 
.583 
. 401 
.668 
. 2 85 
. 400 
.477 
. 55 1 
. 386 
. 341 
.202 
.216 
.207 
.214 
. 2 46 
.287 
.260 
. 2 5 l 
.467 .527 .580 .643 .698 .468 .231 
. 46 7 . 52 7 . 5 80 . 6 4 8 . 7 0 4 . 4 7 8 . 2 3 7 
Bending failure,"left" lower chord, between heel 2 x 4 intermediate member at 8800 lbs. 
.434 
. 345 
. 35 l 
. 36 2 
.512 
. 491 
. 400 
. 409 
. 422 
. 5 82 
. 5 45 
. 45 2 
. 46 1 
.478 
.654 
.610 
.508 
. 5 2 l 
. 5 41 
. 735 
.658 
.557 
. 5 71 
.596 
. 806 
Cross-grain failure in bending- "right" end lower chord at 7800 lbs. 
. 445 
. 355 
.360 
. 3 72 
.526 
.224 
. 2 l 2 
.220 
.234 
.294 
